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(7) ABSTRACT

A method of characterizing and screening a disc drive based
on a voice coil motor pivot friction developed during a low
velocity seek operation consists of determining estimated
drive level bias values required by the voice coil motor to
move an actuator arm assembly during a fast seek, then
determining a low velocity drive level bias values required
by the voice coil motor to move an actuator arm assembly
during a slow seek, then computing a difference between the
estimate drive level bias values and the low velocity drive
level bias values, then determining a hit counter value based
on comparing the computed difference with a predetermined
threshold value, and then characterizing the disc drive based
on the hit counter value.
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METHOD OF CHARACTERIZING AND
SCREENING VOICE COIL MOTOR PIVOT
FRICTION IN A LOW VELOCITY REGION

RELATED APPLICATION

This application claims the benefit of U.S. Provisional
Application Serial No. 60/151,695, filed Aug. 31, 1999
under 35 U.S.C. 119(e).

FIELD OF THE INVENTION

The present invention relates to the field of mass storage
devices. More particularly, this invention relates to a method
of characterizing and screening voice coil motor pivot
friction in a disc drive.

BACKGROUND OF THE INVENTION

One key component of any computer system is a device
to store data. Computer systems have many different places
where data can be stored. One common place for storing
massive amounts of data in a computer system is on a disc
drive. The most basic parts of a disc drive are an information
storage disc that is rotated, an actuator that moves a trans-
ducer head to various locations over the disc, and electrical
circuitry that is used to write and read data to and from the
disc. The disc drive also includes circuitry for encoding data
so that it can be successfully retrieved and written to the disc
surface. A microprocessor controls most of the operations of
the disc drive as well as passing the data back to the
requesting computer and taking data from a requesting
computer for storing to the disc.

The transducer head is typically placed on a small ceramic
block, also referred to as a slider, that is aecrodynamically
designed so that it flies over the disc. The slider is passed
over the disc in a transducing relationship with the disc.
Most sliders have an air-bearing surface (“ABS”) which
includes rails and a cavity between the rails. When the disc
rotates, air is dragged between the rails and the disc surface
causing pressure, which forces the head away from the disc.
At the same time, the air rushing past the cavity or depres-
sion in the air bearing surface produces a negative pressure
area. The negative pressure or suction counteracts the pres-
sure produced at the rails. The slider is also attached to a
load spring which produces a force on the slider directed
toward the disc surface. The various forces equilibrate so the
slider flies over the surface of the disc at a particular desired
fly height. The fly height is the distance between the disc
surface and the transducing head, which is typically the
thickness of the air lubrication film. This film eliminates the
friction and resulting wear that would occur if the transduc-
ing head and disc were in mechanical contact during disc
rotation. In some disc drives, the slider passes through a
layer of lubricant rather than flying over the surface of the
disc.

Information representative of data is stored on the surface
of the storage disc. Disc drive systems read and write
information stored on tracks on storage discs. Transducers,
in the form of read/write heads attached to the sliders,
located on both sides of the storage disc, read and write
information on the storage discs when the transducers are
accurately positioned over one of the designated tracks on
the surface of the storage disc. The transducer is also said to
be moved to a target track. As the storage disc spins and the
read/write head is accurately positioned above a target track,
the read/write head can store data onto a track by writing
information representative of data onto the storage disc.
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Similarly, reading data on a storage disc is accomplished by
positioning the read/write head above a target track and
reading the stored material on the storage disc. To write on
or read from different tracks, the read/write head is moved
radially across the tracks to a selected target track. The data
is divided or grouped together on the tracks. In some disc
drives, the tracks are a multiplicity of concentric circular
tracks. In other disc drives, a continuous spiral is one track
on one side of disc drive. Servo feedback information is used
to accurately locate the transducer head. The actuator assem-
bly is moved to the required position and held very accu-
rately during a read or write operation using the servo
information.

The actuator is rotatably attached to a shaft via a bearing
cartridge which generally includes one or more sets of ball
bearings. The shaft is attached to the base and may be
attached to the top cover of the disc drive. A yoke is attached
to the actuator. The voice coil is attached to the yoke at one
end of the rotary actuator. The voice coil is part of a voice
coil motor which is used to rotate the actuator and the
attached transducer or transducers. A permanent magnet is
attached to the base and cover of the disc drive. The voice
coil motor which drives the rotary actuator comprises the
voice coil and the permanent magnet. The voice coil is
attached to the rotary actuator and the permanent magnet is
fixed on the base. A yoke is generally used to attach the
permanent magnet to the base and to direct the flux of the
permanent magnet. Since the voice coil sandwiched between
the magnet and yoke assembly is subjected to magnetic
fields, electricity can be applied to the voice coil to drive it
S0 as to position the transducers at a target track.

The voice coil motor pivot friction has an increasing
impact on hard disc drive servo control. This is generally
true in cases where the voice coil motor uses a ball bearing
design, and where the hard disc drive has high tracks per
inch. In the case of high tracks per inch, the width of a track
is so minute, that the movement of the bearing may also
become minuscule, and that the friction at these low veloci-
ties can become significantly dominant. This friction domi-
nance at low velocity displacement due to high tracks per
inch has become extremely important in low cost desk top
hard disc drive servo controller design. This friction at low
velocities introduces a nonlinear dynamics on the hard disc
drive servo controller. It is generally easier to design disc
drive controllers for linear systems. Small nonlinearities can
often be neglected in the design of controllers, or even
approximated by linearizations. It is generally difficult to
include the nonlinear dynamics introduced by the voice coil
motor pivot friction in the design of the disc drive control-
lers. In general at high velocities the voice coil motor
friction can be characterized as linear, but at low velocities
the voice coil motor pivot friction cannot be linearized. If a
linear design is used for the controller at low velocities when
the voice coil pivot friction is present, bias estimator in the
controller can estimate abnormally high bias values, which
can result in unexpected behavior of the hard disc drive
during a seek operation, such as sample errors resulting in
seek failures, and the inability of the voice coil motor to park
against the latch as the bias estimator may have diverged to
a point where the bias force may be equivalent to the parking
current in the opposite direction.

The voice coil motor pivot friction can vary significantly
with large variations in the manufacturing tolerances in the
hard disc drive components. Currently there are no reliable,
accurate and cost effective methods to characterize the voice
coil pivot friction.

What is needed is a reliable, accurate, and cost effective
method of characterizing and salvaging disc drives having
acceptable voice coil motor pivot friction levels.
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SUMMARY OF THE INVENTION

A disc drive includes a base and a disc rotatably attached
to the base. The disc drive also includes an actuator arm
assembly rotatably attached to said base and a voice coil
motor for moving the actuator arm assembly. The actuator
arm assembly includes a transducer head in a transducing
relationship with respect to the disc. The disc drive further
includes a disc drive controller for controlling the movement
of the actuator arm assembly during track follow and track
seek operations. The disc drive controller includes a servo
controller coupled to the voice coil motor and the actuator
arm assembly for running a slow seek to ascertain a low
velocity drive level friction bias values required by the voice
coil motor to move the actuator arm assembly to a prede-
termined number of zones on the disc drive. Further the
servo controller runs a fast seek to determined estimated
drive level bias values required by the voice coil motor to
move the actuator arm assembly to the predetermined num-
ber of zones. The disc drive controller further includes an
analyzer coupled to the servo controller for computing a
difference between the drive level friction values and the
estimated drive level bias values for the predetermined
number of zones. The disc drive controller further includes
a comparator coupled to the analyzer to compare the com-
puted difference with a predetermined threshold value. A hit
counter coupled to the comparator monitors a hit counter
value based on the outcome of the comparison for the
predetermined number of zones, and characterizes the disc
drive based on the hit counter value.

Also discussed is a method of characterizing the voice
coil motor pivot friction during a low velocity operation of
the disc drive. The method comprises determining estimated
drive level bias values required by the voice coil motor to
move an actuator arm assembly during a fast seek to a
predetermined number of zones, and then determining a low
velocity drive level friction bias values required by the voice
coil motor to move an actuator arm assembly during a slow
seek to the predetermined number of zones. Then computing
differences between the low velocity drive level friction bias
values and the estimated drive level bias values for the
predetermined number of zones. Then the computed differ-
ences are compared to a predetermined threshold value to
determined a hit counter value. Then the disc drive is
characterized based on the hit counter value.

Advantageously, the procedure set forth above and the
apparatus for implementing the characterizing of the voice
coil motor pivot friction is reliable, accurate, and a cost
effective method for characterizing and salvaging disc drives
having acceptable voice coil motor pivot friction levels. The
above procedure can be incorporated in microcode and used
to control the servo circuitry to implement the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exploded view of a disc drive with a multiple
disc stack.

FIG. 2 is a schematic representation of a disc drive
including portions of the disc drive controller used in
characterizing and screening the voice coil motor pivot
friction.

FIG. 3 is a flow diagram of the procedure of the instant
invention.

FIG. 4 is a schematic view of a computer system.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

In the following detailed description of the preferred
embodiments, reference is made to the accompanying draw-
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ings which form a part hereof, and in which are shown by
way of illustration specific embodiments in which the inven-
tion may be practiced. It is to be understood that other
embodiments may be utilized and structural changes may be
made without departing from the scope of the present
invention.

The invention described in this application is useful with
all mechanical configurations of disc drives having either
rotary or linear actuation. In addition, the invention is also
useful in all types of disc drives including hard disc drives,
zip drives, floppy disc drives and any other type of drives
where unloading the transducer from a surface and parking
the transducer may be desirable. FIG. 1 is an exploded view
of one type of a disc drive 100 having a rotary actuator. The
disc drive 100 includes a housing or base 112, and a cover
114. The base 112 and cover 114 form a disc enclosure. An
inertia ring 500 is attached to the cover 114. Rotatably
attached to the base 112 on an actuator shaft 118 is an
actuator arm assembly 120. The actuator arm assembly 120
includes a comb-like structure 122 having a plurality of
actuator arms 123. Attached to the separate actuator arms
123 on the comb 122, are load beams or load springs 124.
Load beams or load springs are also referred to as suspen-
sions. Attached at the end of each load spring 124 is a slider
126 which carries a magnetic transducer 150. The slider 126
with the transducer 150 form what is many times called the
head. It should be noted that many sliders have one trans-
ducer 150 and that is what is shown in the figures. It should
also be noted that this invention is equally applicable to
sliders having more than one transducer, such as what is
referred to as an MR or magneto resistive head in which one
transducer 150 is generally used for reading and another is
generally used for writing. On the end of the actuator arm
assembly 120 opposite the load springs 124 and the sliders
126 is a voice coil 128.

Attached within the base 112 is a first magnet 131 and a
second magnet 130. As shown in FIG. 1, the second magnet
130 is associated with the cover 114. The first and second
magnets 130, 131, and the voice coil 128 are the key
components of a voice coil motor which applies a force to
the actuator assembly 120 to rotate it about the actuator shaft
118. Also mounted to the base 112 is a spindle motor. The
spindle motor includes a rotating portion called the spindle
hub 133. In this particular disc drive, the spindle motor is
within the hub. In FIG. 1, a number of discs 134 are attached
to the spindle hub 133. In other disc drives a single disc or
a different number of discs may be attached to the hub. The
invention described herein is equally applicable to disc
drives which have a plurality of discs as well as disc drives
that have a single disc. The invention described herein is also
equally applicable to disc drives with spindle motors which
are within the hub 133 or under the hub.

FIG. 2 is a schematic representation of a disc drive 100
and further includes selected portions of a disc drive con-
troller 200 used in characterizing the voice coil motor pivot
friction of the disc drive 100. As shown in FIG. 2, the disc
drive 100 includes at least one disc 134 rotatably attached to
a base (not shown) through a shaft 16. The disc drive 100
also includes an actuator arm assembly 120 having a trans-
ducer head 126 and a transducer 150 for reading from the
disc 134 and writing to the disc 134. The actuator arm
assembly 120 carrying the transducer 126 in a transducing
relation with respect to the disc 134. The actuator assembly
120 is attached to a voice coil motor 260 (not all parts of the
voice coil motor are shown for clarity) to move the actuator
arm assembly 120 during a seek operation. A disc drive
controller 200 is coupled to the voice coil motor 260. The
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disc drive controller 200 includes a servo controller 220 to
run a fast and slow seeks and to ascertain drive level friction
bias values and low velocity drive level friction bias values
required by the voice coil motor to move the actuator arm
assembly during the fast and slow seeks to a predetermined
number of zones. The disc drive controller 200 also includes
an analyzer 210, coupled to the servo controller 220, to
compute a difference between the ascertained drive level
friction values and the estimated drive level bias values,
respectively for the predetermined number of zones. The
disc drive controller 220 further includes a comparator 230,
coupled to the servo controller 220, to compare the com-
puted difference between the low velocity drive level fric-
tion values and the estimated drive level bias values with a
predetermined threshold value. In one embodiment the disc
drive controller 200 comprises a hit counter 240 coupled to
the comparator 230 to monitor a hit counter value based on
the outcome of the comparison for the predetermined num-
ber of zones. Also in this embodiment the disc drive con-
troller 200 rejects the disc drive 100 when the hit counter
value exceeds a predetermined number. In another embodi-
ment the disc drive controller 200 includes a memory 250
coupled to the hit counter 240 and the comparator 230 to
store the ascertained low velocity drive level bias values,
estimated drive level bias values and the hit counter value.
In another embodiment the comparator 230 computes an
absolute difference between the drive level friction values
and the estimated drive level bias values for the predeter-
mined number of zones.

FIG. 3 is a flow diagram of the method of characterizing
and screening a voice coil motor pivot friction during a low
velocity operation of a disc drive 100. The first step in the
method of characterizing and screening the disc drive 100 is
to determine estimated drive level bias values 310 required
by the voice coil motor to move an actuator arm assembly
120 during a fast seek to a predetermined number of zones
on the disc drive 100. Then to determine low velocity drive
level friction bias values 320 required by the voice coil
motor to move the actuator arm assembly during a slow seek
to the predetermined number of zones. In one embodiment
the next step in the method is to determine again the
estimated drive level bias values during a fast seek 330, and
to update the estimated drive level bias values to eliminate
any errors that might have occurred in any previously
acquired estimated drive level bias values for the predeter-
mined number of zones 340.Then to compute a difference
between the low velocity drive level friction bias values and
the estimated drive level bias values 350, respectively for the
predetermined number of zones. In one embodiment, the
computing step involves in computing an absolute difference
between the low velocity drive level friction bias values and
the estimated drive level bias values, respectively for the
predetermined number of zones 350. Then the next step is to
determine a hit counter value based on comparing the
computed absolute difference with a predetermined thresh-
old value for the predetermined number of zones 360. In one
embodiment the hit counter value is determined based on a
number of times the computed absolute difference exceeds
the predetermined threshold value for the predetermined
number of zones. Then the last step in the method is to
characterize the disc drive 100 based on the hit counter value
370. In one embodiment the disc drive 100 is characterized
based on comparing the hit counter value to a predetermined
number. In another embodiment the disc drive 100 is
rejected, if the hit counter value exceeds the predetermined
number, and the disc drive 100 is accepted, if the hit counter
value does not exceed the predetermined number.
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In one embodiment the step of determining estimated
drive level bias values includes running a drive level bias
calibration using a fast seek to ascertain estimated drive
level bias values required by the voice coil motor to move
the actuator arm assembly 120 to the predetermined number
of zones on the disc drive 100, and further includes moni-
toring the estimated drive level bias values for the prede-
termined number of zones on the disc drive during the drive
level bias calibration.

In another embodiment the step of determining low
velocity drive level bias values includes running a slow seek
to ascertain the low velocity drive level friction bias values
required by the voice coil motor to move the actuator arm
assembly 120 to the predetermined number of zones on the
disc drive 10, and the step of determining low velocity
further includes monitoring the low velocity drive level
friction bias values during the slow seck for the predeter-
mined number of zones on the disc drive 100.

In one embodiment the step of computing further includes
running the drive level bias calibration again using the fast
seck to ascertain the estimated drive level bias values for the
voice coil motor to move the actuator arm assembly 120 to
the predetermined number of zones on the disc drive 100.
Then to monitor the estimated drive level bias values again
for the predetermined number of zones on the disc drive 100.
Then to update the estimated drive level bias values again to
eliminate any errors that might have occurred in the previ-
ously acquired drive bias values for the predetermined
number of zones. Then to compute a difference between the
low velocity drive level friction bias values and the esti-
mated drive level bias values for the predetermined number
of zones.

In one embodiment the steps of running the slow seek and
monitoring the low velocity drive level bias values further
includes running the slow seek on a track of a zone to
ascertain and monitor the low velocity drive level friction
bias values for the voice coil motor to move the actuator arm
assembly 120 to a first predetermined track position and for
staying on the first predetermined track position for a
predetermined amount of time, then to run a slow seek again
to ascertain and monitor the low velocity drive level friction
bias values for the voice coil motor to move the actuator arm
assembly 120 to a second predetermined track position and
for staying on the second predetermined track position for
the predetermined amount of time, and then to again run a
slow seek to ascertain and monitor the low velocity drive
level friction bias values for the voice coil motor to move the
actuator arm assembly 120 to a third predetermined track
position and for staying on the third predetermined track
position for the predetermined amount of time. The above
steps are repeated for a predetermined number of tracks on
the zone, and for the predetermined number of zones to
ascertain and monitor the low velocity drive level friction
bias values.

In one embodiment the predetermined amount of time is
approximately in the range of about 11 milliseconds to 330
milliseconds, the predetermined number is approximately in
the range of about 1 to 5, the predetermined number of tracks
is approximately in the range of about 50 to 200, and the
predetermined number of zones on the disc drive is approxi-
mately in the range of about 5 to 10. In another embodiment
the first predetermined track position is around a center of a
track, the second predetermined track position is offset about
25% of the track from the center of the track, and the third
predetermined track position is offset about 50% of the track
from the center of the track

FIG. 4 is a schematic view of a computer system.
Advantageously, the invention is well-suited for use in a
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computer system 2000. The computer system 2000 may also
be called an electronic system or an information handling
system and includes a central processing unit, a memory and
a system bus. The information handling system includes a
central processing unit 2004, a random access memory
2032, and a system bus 2030 for communicatively coupling
the central processing unit 2004 and the random access
memory 2032. The information handling system 2000
includes a disc drive device which includes the ramp
described above. The information handling system 2002
may also include an input/output bus 2010 and several
devices peripheral devices, such as 2012, 2014, 2016, 2018,
2020, and 2022 may be attached to the input output bus
2010. Peripheral devices may include hard disc drives,
magneto optical drives, floppy disc drives, monitors, key-
boards and other such peripherals. Any type of disc drive
may use the method for loading or unloading the slider onto
the disc surface as described above.

CONCLUSION

In conclusion, a disc drive controller 200 characterizes the
voice coil motor pivot friction during a low velocity opera-
tion of the disc drive. The method comprises determining
estimated drive level bias values required by the voice coil
motor to move an actuator arm assembly during a fast seek
to a predetermined number of zones 310, and then deter-
mining a low velocity drive level friction bias values
required by the voice coil motor to move an actuator arm
assembly during a slow seek to the predetermined number of
zones 320. Then computing differences between the low
velocity drive level friction bias values and the estimated
drive level bias values for the predetermined number of
zones 350. Then comparing the computed differences to a
predetermined threshold value to determined a hit counter
value 360. Then characterizing the disc drive based on the
hit counter value 370.

Also discussed is a disc drive 100 including an actuator
arm assembly 120 having a transducer head 126 and a
transducer 150 for reading and writing to the disc 134. The
actuator arm assembly 120 carrying the transducer 126 in a
transducing relation with respect to the disc 134. The
actuator assembly 120 is attached to a voice coil motor 260
(not all parts of the voice coil motor are shown for clarity)
to move the actuator arm assembly 120 during a seek
operation. A disc drive controller 200 is coupled to the voice
coil motor 260, includes a servo controller 220 to run a fast
and slow seeks and to ascertain drive level friction bias
values and low velocity drive level friction bias values
required by the voice coil motor to move the actuator arm
assembly for a predetermined number of zones during the
fast and slow seeks. The disc drive controller 200 also
includes an analyzer 210, coupled to the servo controller
220, to compute a difference between the drive level friction
values and the estimated drive level bias values, respectively
for the predetermined number of zones. The disc drive
controller 220 further includes a comparator 230, coupled to
the servo controller 220, to compare the computed difference
between the low velocity drive level friction values and the
estimated drive level bias values with a predetermined
threshold value. In one embodiment the disc drive controller
200 comprises a hit counter 240 coupled to the comparator
230 to monitor a hit counter value based on the outcome of
the comparison for the predetermined number of zones. Also
in this embodiment the disc drive controller 200 rejects the
disc drive 100 when the hit counter value exceeds the
predetermined number. In another embodiment the disc
drive controller 200 includes a memory 250 coupled to the
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hit counter 240 and the comparator 230 to store the low
velocity drive level bias values, estimated drive level bias
values and the hit counter value. In another embodiment the
comparator 230 computes an absolute difference between
the drive level friction values and the estimated drive level
bias values for the predetermined number of zones.

It is to be understood that the above description is
intended to be illustrative, and not restrictive. Many other
embodiments will be apparent to those of skill in the art
upon reviewing the above description. The scope of the
invention should, therefore, be determined with reference to
the appended claims, along with the full scope of equivalents
to which such claims are entitled.

What is claimed is:

1. A method of characterizing and screening a disc drive
based on a voice coil motor pivot friction developed during
a low velocity seek operation, comprising steps of:

(a) determining estimated drive level bias values required
by the voice coil motor to move an actuator arm
assembly during a fast seek to a predetermined number
of zones;

(b) determining low velocity drive level friction bias
values required by the voice coil motor to move the
actuator arm assembly during a slow seek to the
predetermined number of zones;

(c) computing a difference between the low velocity drive
level friction bias values and the estimated drive level
bias values, respectively for the predetermined number
of zones;

(d) determining a hit counter value based on comparing
the computed difference with a predetermined thresh-
old value for the predetermined number of zones; and

(e) characterizing the disc drive based on the hit counter
value.

2. The method of claim 1, wherein the characterizing step
(e) comprises (e)(i) rejecting the disc drive, if the hit counter
value exceeds a predetermined number.

3. The method of claim 1, wherein the determining
estimated drive level bias values step (a) further comprising
steps of:

(a)(i) running a drive level bias calibration using a fast
seek to ascertain the estimated drive level bias values
required by the voice coil motor to move the actuator
arm assembly to the predetermined number of zones on
the disc drive; and

(a)(ii) monitoring the estimated drive level bias values for
the predetermined number of zones on the disc drive
during the drive level bias calibration.

4. The method of claim 3, wherein the determining low
velocity drive level bias values step (b) further comprising
steps of:

(b)()) running a slow seek to ascertain the low velocity
drive level friction bias values required by the voice
coil motor to move the actuator arm assembly to the
predetermined number of zones on the disc drive; and

(b)(ii) monitoring the low velocity drive level friction bias
values during the slow seek for the predetermined
number of zones on the disc drive.

5. The method of claim 4, wherein the step of computing

(¢) further comprising steps of:

(c)(i) running the drive level bias calibration again using
the fast seek to ascertain the estimated drive level bias
values for the voice coil motor to move the actuator arm
assembly to the predetermined number of zones on the
disc drive;
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(c)(ii) monitoring the estimated drive level bias values
again for the predetermined number of zones on the
disc drive;

(c )(iii) updating the estimated drive level bias values to
eliminate any error in previously acquired estimated
drive level bias values; and

(c)(iv) computing a difference between the low velocity
drive level friction bias values and the estimated drive
level bias values for the predetermined number of
Zones.

6. The method of claim 5, wherein the computing step (c)
comprises (¢)(v) computing an absolute difference between
drive level friction values and the estimated drive level bias
values, respectively.

7. The method of claim 6, wherein the determining the hit
counter value step (d) further comprising the steps of:

(d)(1) comparing the computed difference in the drive
level friction bias values and the estimated drive level
bias values, respectively with a predetermined thresh-
old value;

(d)(ii) monitoring number of times the computed differ-
ence exceeds the predetermined threshold value for the
predetermined number of zones based on the outcome
of the comparison; and

(d)(iii) updating a hit counter value by the number of
times the computed difference exceeds the predeter-
mined threshold value for the predetermined number of
zones.

8. The method of claim 7, wherein the step of running the
slow seek (b)(Q) and step of monitoring the low velocity
drive level friction bias values (b)(ii) further comprising:

(b)(D)(D) running the slow seek on a track of a zone to
ascertain the low wvelocity drive level friction bias
values for the voice coil motor to move the actuator arm
assembly to a first predetermined track position and for
staying on the first predetermined track position for a
predetermined amount of time;

(b)(ii)(i) monitoring the low velocity drive level friction
bias values during the slow seek to the first predeter-
mined track position;

(b)(D)(ii) running a slow seek on a second predetermined
track position of the track of the zone to ascertain the
low velocity drive level friction bias values for the
voice coil motor to move the actuator arm assembly to
the second predetermined track position and for staying
on the second predetermined track position for the
predetermined amount of time;

(b)(ii)(ii) monitoring the low velocity drive level friction
bias values during the slow seek to the second prede-
termined track position;

(b)(D)(iii) running a slow seek on a third predetermined
track position the track of the zone to ascertain the low
velocity drive level friction bias values for the voice
coil motor to move the actuator arm assembly to the
third predetermined track position and for staying on
the third predetermined track position for the predeter-
mined amount of time;

(b)(ii)(iil) monitoring the low velocity drive level friction
bias values during the slow seek to the third predeter-
mined track position;

(b)(iii) repeating the above steps for a predetermined
number of tracks on the zone; and

(b)(iv) repeating the above steps again for the predeter-
mined number of zones.

9. The method of claim 8, wherein the monitoring the low
velocity drive level friction bias values further comprising
storing the monitored low velocity drive level friction bias
values, the monitored estimated drive level bias values, the
hit counter value, and the predetermined threshold value.
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10. The method of claim 9, wherein the predetermined
amount of time is approximately in the range of about 11
milliseconds to 330 milliseconds, wherein the predeter-
mined number is approximately in the range of about 1 to 5,
wherein the predetermined number of tracks on a zone is
approximately in the range of about 50 to 200, and wherein
the predetermined number of zones on the disc drive is
approximately in the range of about 5 to 10.

11. The method of claim 10, wherein the first predeter-
mined track position is at a center of a track, wherein the
second predetermined track position is offset by about 25%
of the track from the center of the track, and wherein the
third predetermined track position is offset by about 50% of
the track from the center of the track.

12. A disc drive, comprising:

a base;

a disc rotatably attached to the base;

an actuator arm assembly for carrying a transducer head
in a transducing relation with respect to the disc;

a voice coil motor to move the actuator arm assembly;

a disc drive controller, coupled to the voice coil motor
further includes:

a servo controller, coupled to the voice coil motor and the
actuator arm assembly, wherein the servo controller
runs a slow seek to ascertain a low velocity drive level
friction bias values required by the voice coil motor to
move the actuator arm assembly for a predetermined
number of zones on the disc drive, wherein the servo
controller further runs a fast seek to determine esti-
mated drive level bias values required by the voice coil
motor to move the actuator arm assembly for the
predetermined number of zones;

an analyzer, coupled to the servo controller, computes a
difference between the drive level friction values and
the estimated drive level bias values for the predeter-
mined number of zones;

a comparator, coupled to the analyzer, compares the
computed difference between the low velocity drive
level friction values and the estimated drive level bias
values with a predetermined threshold value; and

a hit counter, coupled to the comparator, wherein the hit
counter monitors a hit counter value based on the
outcome of the comparison for the predetermined num-
ber of zones, and wherein the analyzer rejects the disc
drive when the hit counter value exceeds a predeter-
mined number.

13. The disc drive of claim 12, wherein the servo con-
troller further runs the slow seek to ascertain the low
velocity drive level bias values required by the voice coil
motor to move the actuator arm assembly to a predetermined
number of tracks on the zone of the predetermined number
of zones.

14. The disc drive of claim 12, further includes a memory
coupled to the counter and the comparator to store the low
velocity drive level friction bias values, the estimated drive
level bias values, the hit counter value, and the predeter-
mined threshold value.

15. The disc drive of claim 14, wherein the servo con-
troller further monitors the low velocity drive level bias
values required by the voice coil motor to move the actuator
arm assembly to a first, second and third track positions on
the track for the predetermined number of tracks during the
slow seek.

16. The disc drive of claim 12, wherein the analyzer
computes an absolute difference between the drive level
friction values and the estimated drive level bias values.



